ventricles (although a defect may be present in the ventricular septum). The aorta, with the coronary arteries in turn arising from it, takes origin from the right ventricle, while the pulmonary trunk takes origin exelusively from the left ventricle. Both atrioventricular valves are patent and have the corresponding structure of the rightand left-sided atrioventricular valves of the normal heart. The connections of the systemic, pulmonary, and coronary veins are normal.
It is, we believe, essential that the condition we are here discussing not be given the same name as other conditions which, while sharing with complete transposition the phenomenon of somewhat similar interrelationships between the great vessels, do not have the same intracardiae characteristics. Thus in contrast to that of other authors,5' 6 our definition of complete transposition would not include transposition associated with a single ventricle or with an atretic atrioventricular valve. Also we would exclude transposition in which the aorta arises from the right ventricle while the pulmonary trunk straddles a ventricular septal defect and takes part of its anatomic origin from each ventricle. It is apparent, also, that the form of transposition with the anatomic features that allow a normal route of blood flow, the condition commonly known as congenitally corrected transposition of the great vessels, would not be included under our definition.
Our belief is strong that strict separation of the condition herein called "complete transposition of the great vessels" defines a distinet entity having its own peculiarities and problems.
Material This paper is based on a restudy of specimens that had been obtained at necropsy in 60 cases of comnplete transposition of the great vessels. Sonie of these specimens were obtained from the pathologic collection of the University of Minnesota. The remaining specimens are in the Cardiovascular Registry of The Charles T. Miller H6spital and were contributed to one of us (J.E.E.) by widely distributed institutions in the UTnited States.
Observations Communication Between the Greater and Lesser Circulations
Communications between the greater and lesser circulations may occur by means of a patent ductus arteriosus, a defect in the atrial septum, and a defect in the ventricular septal complex. Besides an extracardiae communication owing to a patent ductus arteriosus, a significant extracardiae communication may result from large bronchial arteries.
The ductus arteriosus was patent in 34 of the 60 cases. In six of these 34, a ventricular septal defect also was present. The luminal diameter of the patent duetus arteriosus ranged from hardly more than 1 mm. to 5 mm. Interatrial communication was present in all 60 cases. The comimunication consisted of a valvular competent patent foranien ovale in half of the cases and of a small atrial (lefect at the fossa ovalis in the other half.
A defect of the ventricdar septnm was present in 22 of the 60 cases. Since considerable variation occurred in the position of the ventricular septal defects, the following section will be devoted to a detailed consideration of these.
Anatomic Features of the Ventricular Septal Defects (22 Cases)
On the basis of the landmarks suggested by Becu and associates,7 the defects of the ventricular septal complex will be divided into the following anatomic types: (1) defects postero-inferior to the crista supraventrieularis, (2) defects anterosuperior to the crista supraventricularis, (3) isolated muscular defects, and (4) multiple defects. Defects Postero-Infe6ior to the Crista Supraventricut.laris On the basis of the type of communication that was present, defects postero-inferior to the crista supraventricularis were divided into two anatomic types, namely, defects with a comumunication between the two ventricles and defects with a communication between the left ventricle and the right atrium. Since the funietional effects of these two types are different, it seems appropriate to consider them separately.
A defect postero-inferior to the supraventricularis with interventricular communicationt was present in 10 cases. In nine of these 10 cases, the defect was wider than one square centimeter per square meter of body surface and was considered large froin a funetional standpoint.
Wbhen defects of this type were viewed from the right side ( fig. 1 ), they were situated postero-inferior to the parietal limb of the crista supraventricularis. When viewed from the side of the left ventricle ( fig. 1 ), each of these defects was located in the wall of the outflow tract. In eight cases, the center of the defect was located below the junction of the right and posterior pulmonary cusps. It was separated from the pulmonary valve and from the mitral valve by a thin rim of myocardial tissue. In two cases, the defect was tear-drop in shape. The posterosuperior position of the defect was at the junction of the anterior mitral leaflet and the posterior aspect of the right pulmonary cusp. From this point, the defect extended anteriorly and inferiorly across the full anteroposterior extent of the ventricular septum.
A defect postero-inferior to the crista supraventricutaris with a communication between the left ventricle and the right atrium was encountered in three of the 22 cases in whieh a ventricular septal defect was present (fig. 2 ). In each of the three eases, the defect was situated immediately postero-inferior to the parietal limb of the crista supraventricularis. It did not extend along the septal limb of the erista. The ventricular septal defect opened into a space formed by a cleft in the tricuspid valve at the junction of the septal and ante- Lower. An additional case. Lower left. The yentricular septal defect (D.) situated below a zone of hypertrophied muscle in the outflow tract of the right ventricle. The hypertrophied muscle causes stenosis below the transposed aorta (A.). C. = crista supraventricularis. Lower right. Left ventricle (L. V.) and pulmonary trunk (P.) arising from it. The ventricular septal defect is separated from the pulmonary valve a,nd from the mitral valve by muscular tissue.
In each case adhesion of the edges of the cleft in the tricuspid valve to the ventricular septum caused the communication from the left ventricle to be directed into the right atrium ( fig. 2 , upper left and lower left). In these cases, the anterior edge of the septal leaflet of the tricuspid valve was adherent to the posterior rim of the ventricular septal defect while the posterior aspect of the anterior Circulation, Volume XXVII, June 1963 leaflet of the valve was attached by chordae to the muscular septal tissue anterior to the defect.
When viewed from the side of the left ventricle, the center of the defect was situated In three of the 22 cases in which there was a ventricular septal defect, the defect was situated above the erista supraventrieularis or anterosuperior to this ridge. When viewed from the side of the right ventricle, the defect was not closely related to the tricuspid valve. It was situated in the angle between the aortic valve above and the septal limb of the crista supraventricularis below ( fig. 3 , upper left).
The upper edge of the defect was formed by the base of the aortic valve. In one case, the wall of the right ventricle was highly trabeculated, and in the subaortic area there was a large recess that extended toward the left side of the patient ( fig. 3 , upper left).
When viewed from the side of the left ventricle, the center of the defect was beneath the right cusp of the pulmonary valve from which it was separated by a thin rim of muscular tissue ( fig. 3 , upper right). The defect was situated at the junction of the anterior wall of the left ventricle and the ventricular septum. In two of the three cases, the defect was considered to be of the small type.
Isolated Muscular Defects
In two cases, a large defect was situated anteriorly and approximately at the junction of the upper one third and the lower two thirds of the ventricular septum ( fig. 3 , lower left and lower right). The center of the defect was situated just postero-inferior to the lower extremity of the septal limb of the crista supraventricularis.
Multiple Defects
More than one defect in the ventricular septum was present in each of four cases. Two defects were present in each of three of the four cases; in the remaining case, several small defects were present in a highly trabeeulated ventricular septum.
In two of the three cases in which two defects were present, the defects were almost identical and they will be described together. When viewed from the side of the right ventricle, each defect was partially overhung by the septal leaflet of the tricuspid valve ( fig. 4 , Circulation, Volume XXVII, June 1965 left). A column of muscular tissue extended vertically from the base of the tricuspid valve to separate the two defects. The anterior of the two defects was overhung by the anterior aspect of the septal leaflet of the tricuspid valve and it was situated behind the septal and parietal limbs of the crista supraventricularis ( fig. 4, left) . From the side of the left ventricle, the more posterior of the two defects was situated in front of the posteromedial papillary muscle of the mitral valve and was not intimately related to valvular tissue ( fig.   4 , right). The center of the more anterior of the two defects was situated beneath the junction of the posterior and right cusps of the transposed pulmonary valve. The upper edge of the defect was bounded by the base of the pulmonary valve.
In the third case in which two defects were present, a large defect was situated in the muscle of the apical portion of the septum, while another defect was situated postero-inferior to the crista supraventricularis. When viewed from the side of the left ventricle, the second defect was situated in front of the anterior leaflet of the mitral valve, which formed its posterior border. The superior edge Figure 4 Two defects in the ventricular septum. Left. Right side of heart. The probe lies in the more posterior of the two defects. In front of it is a vertical column of muscle, beyond which is the second ventricular defect. This is partially overhung by the septal leaflet of the tricuspid valve. The right atrium shows evidence of attempted surgical correction of the fundamental malformation. Right. Left ventricle. The probe lies in the more posterior of the two septal defects. The second defect is situated immediately below, the transposed pulmonary valve.
Figure 5
Three types of relationship between the aorta and the pulmonary trunk in cases of complete transposition of the great vessels. Left. Type I (oblique) relationship. The anterior aspect of the aorta (A.) is situated to the right and somewhat in front of the anterior aspect of the pulmonary trunk (P.). Center. Type II (side-to-side relationship). Abbreviations as in Left. Right. Type III (anterior-posterior relationship). The aorta (A.) is directly anterior to the pulmonary trunk (P.). This was the least common type o f relationship observed in our cases.
of the defect was formed by a thin rim of muscular tissue.
Relationship of Aorta and Pulmonary Trunk
Our study revealed three types of relationship between the aorta and pulmonary trunk ( fig. 5 ).
Type I (Oblique Relationship) (39 Cases). In this type, the aorta was situated obliquely with respect to the pulmonary trunk, and it was more anterior than the latter vessel. The enltire ascending aorta was not situated directly in front of the entire pulmonary trunk; rather, the left side of the aorta was situated in front of the right side of the pulmonary trunk ( fig. 5 , left).
Type II (Side-to-Side Relationship) (19 Cases). In this type, the aseending aorta was situated to the right of the pulmonary trunk ( fig. 5 , center).
Type III (Anterior-Posterior Relationship) (2 Cases). In this type, the pulmonary trunk was directly posterior to the aorta ( fig. 5 , right).
In cases in which the relationship of the aorta and pulmonary trunk was type I, the left aortic sinus was situated almost directly along the left aspect of the aorta; the right aortic sinus and the posterior aortic sinus faced the right ( fig. 6 , left). The sinus designated as "right" occupied a right anterior position and the one designated "posterior" occupied a right posterior position.
In each of the 19 cases in wlhich the relationship of the great vessels was type II, the sinuses appeared to have been rotated somewhat clockwise over their position in cases in which the relationship of the great vessels was type I. The left sinus was situated in a left anterior position; the right sinus was situated in a right anterior positioni, and the posterior sinus was distinctly posterior ( fig. 6 , right).
The aortic and pulmonarv valves were situated at the same horizontal level of the body in each of the 60 cases studied. This anatomie situation was dependent on a foreshorteniing of the right ventricular iiifundibulum. In sonie of the cases, the membranous septum was identifiable.
The pulmonary trunk was equal in size or wider than the ascending aorta in 58 of 60 cases studied. In two cases, the aorta was of normal size and the diameter of the pulmonary trunk was half that of the aorta. Both Circulation, Volume XXVII, June 1963 of these latter two eases exhibited stenosis of the pulmonary valve.
Coronary Arteries
One of the surgical procedures designed for the total correction of complete transposition of the great vessels requires the transfer of the coronary arteries at their origin to the appropriate arterial vessel arising from the left ventricle.4 Because of a surgical potential that may result when this procedure is used, the pattern of the coronary arteries was studied in detail in each of the cases.
Keith and associates5 described the pattern of the coronary arteries observed in 80 of 108 eases of several forms of transposition of the great vessels. In addition, they combined their findings with those reported by Harris and Farber.8 Since the findings of these two groups of authors were obtained in eases of various types of transposition of the great vessels, they cannot be directly compared with our findings, which were obtained in cases of coinplete transposition as defined in this paper. In addition, .neither group of investigators correlated the course and site of origin of the coronary arteries with the relationship between the aorta and the pulmonary trunk.
In our cases, the aortic sinuses were designated as " right, "posterior, " and " left, "
although there was a slight differenee in the position of these sinuses in cases in which the relationship of the aorta and the pulmonary trunk was classified as type I (oblique) and in those classified as type II (side-to-side) ( fig. 6 ).
In all but one of the 60 cases, the right aortic sinus was the noncoronary one. In 59 of the 60 cases, the right coronary artery arose above the posterior aortic sinus. In a like number of cases, the left coronary artery arose above the left aortic sinus.
Among the 60 cases, essentially two coronary arterial patterns were observed. The first and more common was seen in 40 of the 60 cases. In these the pattern of origin and course of the coronary arteries approached that found normally. The left coronary artery gave rise to the anterior deseending braneh Circulation, Volume XXVII, June 1963 Anterior Figure 6 The two common patterns of origin and course of the coronary arteries in complete transposition of the great vessels. Left. Pattern occurring predominantly in cases in which the relationship' of the aorta and pulmonary artery is type I (oblique). In this pattern, the anterior descending coronary artery (D.) and the left circumflex coronary airtery (C.) arise from the left coronary artery, which arises from above the left aortic sinus (L.) The right coronary artery (R. C.) arises above the posterior (P.) of the two right-sided sinuses. No coronary artery a,rises above the right anterior sinus (R.). A = aorta; P. A. = pulmonary trunk. Right. Most common coronary arterial pattern in cases in which the relationship of the aorta and pulmonary artery is type 11 (side-to-side). A vessel that arises above the posterior aortic sinus (P.) divides into the circumflex coronary artery (C.) and the right coronary artery (R. C.). The anterior descending coronary artery (D.) arises independently above the left aortic sinus (L.). and the left circumflex branch ( fig. 6, left) . In contrast to the normal pattern, however, the stem of the left coronary artery and the left circumflex coronary artery passed in front of the pulmonary trunk rather than posterior to it. Furthermore, the right coronary artery arose above the posterior aortic sinus ( fig. 6 , left). From this position it entered the right atrioventricular sulcus and followed a normal course, frequently anastomosing with the left circumflex branch at the posterior aspect of the heart near the posterior interventricular sulcus.
The second and less common pattern was observed in 20 of the 60 cases. In this, the anterior descending coronary artery arose above the left aortic sinus while the left circumflex coronary artery arose as a branch of Patterns of origin and course of coronary arteries in cases in which the relationship of the arorta and pulmonary trunk was type I (oblique). Abbreviations as in figure 6 . Upper left. Coronary pattern or variations of it observed in 34 of the 39 cases in which the relationship of the great vessels teas type I (oblique). This is the same illustration as in figure 6 , left. Upper right. The, second most common coronary pattern or its one variationtewas observed in five of the 39 cases in which the relationship of the great vessels was type I (oblique).
Center left (one case). In this pattern, two anterior descending coronary arteries were present. The the right coronary artery ( fig. 6, right) . The latter vessel, in turn, arose above the posterior aortic sinus. Illustrated in figures 7 and 8 are the two basic patterns of coronary arterial origin given in figure 6 , along with the variations that oceurred. From these illustrations, it is evident that the pattern of coronary arterial origin, in which the left circumflex and anterior deseending arteries have a commonl steln, occurs most often when the great vessels show a type I (oblique) relationship. When the circumflex coronary artery arises in con-mon with the right coronary artery, the prevailing tendeney is for the great vessels to inanifest a type II (side-to-side) relationship.
Certain variations from the prevailing coronary artery pattern were observed in five of the 39 cases with the type I (oblique) relationship of great vessels. In one case, two anterior descending coronary arteries were present ( fig. 7 , center left). In two cases, the left coronary artery gave off a large braneh fronl its right side. This brallch supplied the base of the right ventricle ( fig. 7 , center, right). In one case, there was a diverticulum along the left aspect of the right coronary artery ( fig. 7 , lower left) ; in another, the left and right coronary arteries arose above the same (posterior) aortic sinus ( fig. 7 , lower rtght).
In four of the 19 cases with the type II (side-to-side) relationship of great vessels, certain variations were observed also. In two cases, two circumflex and two anterior deseellding coronary arteries were present ( fig.   8 , upper right). In oIne case, boti coronary arteries arose above the posterior sinus ( fig.   8 , lower left), and in another case, the right coronary artery arose above the right aortic sinus ( fig. 8 , lower right).
Additional Anatomic Features

Condition of the Aortic Arch
In two cases, the aortic arch passed over the right bronchus as a right aortic arch ( fig.  9 ). Pulmonary valvular stenosis and a ventricular septal defect also were present in both of these cases. In the 58 remaining cases, the Circulation, Volume XXVII, June 1963 aortic arch passed over the left main bronchus.* Interruption of the aortic arch occurred in two cases ( fig. 10, left) . In each of these, the aorta arose from the right ventricle and ended by branching into the innominate artery and the left common carotid artery. The descending aorta communicated with the pulmonary trunk through a patent ductus arteriosus, and the left subelavian artery arose from the proximal part of the deseending aorta.
Significant obstruction of the aortic areh system was observed in six other cases. In three of these, the obstruction occurred in two areas simultaneously. The more proximal zone of obstruction was represented by a segment of tubular hypoplasia of the aortic arch between the origins of the left common carotid and that of the left subelavian arteries ( fig.  10, right) . The more distal obstruction was caused by the classic deformity of coaretation. The site of coaretation was in the segment of the aorta lyiiig between the left subelavian artery and the entrance of the ductus arteriosus ( fig. 10, right) . In the fourth case, classic aortic coaretation occurred alone in a preduetal portion. In the two remaining cases of aortic obstruction, there was tubular hypoplasia of that segment of aorta between the left subelavian artery and the ductus arteriosus.
The Atrial Appendages
Signifieant anomalies of the atrial appendages were observed in two cases. In these cases, both appendages were s-tuated to the left of the great arteries, a condition com-*In a case observed after completion of this study, a vascular ring was observed in a patient with complete transposition of the great vessels and a ventricular septal defect. The aortic arch was on the right. After giving off the left and right common carotid and the right subelavian arteries in that order from before backward, the aortic arch gave rise to a fourth branch, which was the left subelavian artery. This vessel passed behind the esophagus, which it indented, to reach the left side of the body. Along the left side of the esophagus and trachea, the left subelavian artery received a narrowly patent left-sided ductus arteriosus to complete the vascular ring. passes between the aorta and the pulmonary trunk to reach the anterior interventricular sulcus. This pattern was observed in one case. Lower right. The right coronary artery (R. C.) arises above the right anterior aortic sinus (R.). The left coronary artery arises above the posterior aortic sinus (P.) and gives rise to the circumflex coronary artery and the anterior descending branch (D.+). A minor descending coronary artery (D.-) arises from the right coronary artery. This pattern was observed in one case. monly called "juxtaposition of the atrial appendages" (fig. 9 ). Tubular hypoplasia of the aortic arch was present in one of these cases, and a ventricular septal defect and pulmonary stenosis were present in the other. Figure 9 Heart and adjacent structures viewed from a left anterior oblique position. The aorta (A.) is considerably wider than the pulmonary trunk (P.). Pulmonary valvular stenosis was present but is not shown. The aortic arch is a right-sided structure ancd passes over the right bronchus (R. B.). Juxtaposition of the atrial appendages also is present. Both the right atrium (R. A.) and the left atrium (L. A.) are situated to the left of the grea,t vessels.
Obstruction to Aortic or Pulmonary Blood Flow Aortic Blood Flow. In all of the 60 cases the outflow tract of the right ventricle, ineluding the crista supraventricularis, was properly formed. In four of the 38 cases in which the ventricular septum was intact, slight obstruetion of the subaortic area of the right ventricle resulted from moderate enlargeinent of the crista supraventricularis. In three of the 22 cases in which a ventricular septal defect was present, stenosis of the subaortic area of the right ventricle was present above the level of the septal defect. This anatomic obstruction was caused by a hypertrophied crista supraventricularis ( fig. 1, louwer left) . Aortic valvular stenosis was not evident in any of the 60 cases, but a bicuspid aortie valve was present in two specimens.
Pulmonary Blood Flow. Obstruction to pulmonary blood flow could be divided into two anatomic types: (1) obstruction at the pulmonary valve, and (2) obstruction at the outflow tract of the left ventricle.
Pulmonary valvular stenosis was present in two cases in which a large ventricular septal defect also existed. The pulmonary valve was bicuspid in each case, while the valve leaflets were thick and fibrous.
Significant obstruction at the outlet of the left ventricle was encountered in two cases.
In one, a defect of the ventricular septum was present and was of the left ventricular-right atrial communication variety. In this case, a prominenee of the septal wall of the left ventricle protruded into the cavity and caused obstruction below the septal defect ( fig. 2 , upper right). In the second case, the ventricular septum was intact. The mitral valve Circulation, Volume XX VII, June 1963 was deformed and adhered abnormally to the ventricular septum, constituting a barrier to the egress of blood from the left ventricle ( fig.  11 ). The deformity of the mitral valve in this instance will be described subsequently in greater detail.
Atrioventricular Valves
In four cases, there was a cleft in the septal leaflet of the tricuspid valve. In three of these cases, there was a communication between the left ventricle and the right atrium, which has already been described ( fig. 2 ). In the fourth case, the ventricular septum was intact.
In each of the 60 cases, the anterior leaflet of the mitral valve was continuous with pulmonary valvular tissue in a manner similar to the continuity between aortic and mitral valves seen in normal hearts ( fig. 4, right ).
An abnormality of the mitral valve was observed in only one case, and the ventricular septum was intact in this subject. Two mitral Figure 11 Opened left ventricle (L.V.) viewed from the left side. There is obstruction to the outflow tract of the left ventricle by an anormalous mitral valve. The anterior leaflet of the mitral valve is adherent to the ventricular septum (arrow) and causes severe obstruction to outflow fromn the left ventricle. P. = pulmonary trunk. Circulation, Volume XXVII, June 1963 leaflets were present, and the basal aspect of the medial portion of each cusp was attached to the ventricular wall in a manner similar to that observed in cases of Ebstein's malformation of the tricuspid valve ( fig. 12 ).
In addition, the ventricular aspect of the anterior leaflet was adherent to the septal wall of the outflow tract of the left ventricle, a phenomenon that reduced the effective channel of the outflow tract of the left ventricle to a width of but a few millinmeters ( fig. 11 ). Roll- ing of the edges of the leaflets of the mitral valve and enlargement of the left atrium represented evidence favoring an interpretation that the mitral valve had been incompetent.
Correlations Sex and Age of Patients
Considering the entire series of 60 cases (regardless of the nature of the ventricular Figure 12 Left. View of left side of heart showing an Ebstein-like deformity of the mitracl valve. The septal aspect of the mitral valve is anomalous as the leaflet originates from the wall of the left ventricle (L. V.) rather than from the annulus (An.). More anteriorly, the anterior leaflet of the mitral valve was inserted into the ventricular septum to create subpulmonary stenosis. This feature is not shown in this illustration but is shown in figure 11 . septum), the ratio of males to females was 2.5 :1. The ratio of males to females was 3.5 :1 in the 22 cases in which there was a ventricular septal defect, and 1.5 :1 in the 38 cases with an intact ventricular septum.
Sixteen (42 per cent) of the 38 patients with an intact ventricular septum lived longer than 4 weeks, whereas 13 (59 per cent) of the 22 patients with a ventricular septal defect lived longer than 4 weeks. There was no essential difference in the percentage of patients with a ventricular septal defect who died between the ages of 2 and 5 months and the percentage of patients with an intact ventricular septum who died between the ages of 2 and 5 months. There was, however, a striking difference in the number of patients who lived longer than 6 months in the two groups of cases. Nine (41 per cent) of the patients with a ventricular septal defect lived longer than 6 months, whereas only five (13 per cent) of the patients with an intact ventricular septum lived longer than 6 months. One patient with a ventricular septal defect lived for 5 years and one patient with an intact ventricular septum lived for 18 months.
Position of Aorta and Pulmonary Trunk, and the State of the Ventricular Septum
There was no tendency for one type of arrangement of great vessels to be associated with a ventricular septal defect. This view is supported as follows:
Type I (Oblique). This type of relatioiiship was observed in 39 (65 per cent) of the 60 cases. In 26 of the 39 cases (66 per cent), the ventricular septum was intact; in the 13 remaining cases (33 per cent), there was a ventricular septal defect.
Type II (Side-to-Side). This type of relationship was observed in 19 (32 per cent) of the 60 cases. In 10 of the 19 cases (52 per cent), the ventricular septum was intact; in the nine remaining cases (48 per cent), a ventricular septal defect was present.
Type III (Anterior-Posterior). This type of relationship was observed in only two (3 per cent) of the 60 cases. The ventricular septum was intact in both of these cases.
Position of Great Vessels and Coronary Arterial Patterns
There were two basic patterns for the arteries. In the first, the anterior descending and left eircumflex arteries arose from the same stem. This pattern, in essence, was like that of the normal. Characteristic of the second pattern was origin of the left circumflex artery from the right coronary artery.
The first and more common coronary arterial pattern tended to be associated with the type I and type III relationships of great vessels. The second coronary arterial pattern had a tendency to be associated with the type II relationship of great vessels. The following data support this view.
Type I (Oblique-39 Cases). In 34 of 39 cases (87 per cent), the so-called normal or prevailing coronary arterial pattern and its variations were observed ( fig. 7 , upper left). In five cases (13 per cent), the second and less common coronary arterial pattern was observed ( fig. 7 , upper right).
Type 11 (Side-to-Side-19 Cases). In 13 of 19 cases (68 per cent), the second and less common coronary arterial pattern was observed ( fig. 8, upper left) . In the remaining six cases (32 per cent), the prevailing coronary arterial pattern was observed ( fig. 8 , upper center).
Type III (Anterior-posterior-2 Cases). The coronary pattern was like the prevailing pattern in cases in whieh the relationship of these vessels was type I (oblique).
Discussion
Although the anterior-posterior type (type III) relationship of the aorta and pulmonary trunk has been mentioned frequently in reports of eases of complete transposition of the great vessels, it was observed in only two of our 60 cases. The most common type of relationship of the great vessels observed in our cases was the oblique (type I). The second most common type was the side-to-side (type II). These findings are at variance with the classic descriptions of complete transposition of the great vessels, as the condition is here defined.
Circulation, Volume XXVII, June 1963 Rowlatt9 recently described the variation in the pattern of the coronary arteries observed in 135 cases with various types of transposition of the great vessels. In 89 of the 135 cases, the transposition was designated as <'simple transposition." This is the type of transposition that has been called "complete transposition of the great vessels" in our paper. The pattern of origin of the coronary arteries, as related to the condition of the ventricular septum, conformed closely to our observations in this regard. Rowlatt, however, did not consider variations in the relationship of the great vessels to one another or the relationship of these variatiolis to the pattern of the coronary arteries.
It is to be enmphasized that in three of the 22 cases in which there was some type of defect in the ventricular septum, there was a communication between the left ventricle and the right atrium, a so-called "left ventricular-right atrial communication." As far as we are aware, the occurrence of this type of communication has not beenl emphasized previously. Summary This paper is based on a study of specimens of the heart that were obtained in 60 cases of complete transposition of the great vessels.
The external relationship of the aorta and pulmonary trunk usually differed from the classic description of the aorta lying directly anterior to the pulmonary trunk (type III). This relationship was present in only two of the 60 cases. In 39 cases, the relationship of the great vessels was oblique (type I). In 19 of the 60 cases, the relationship of the great vessels was side-to-side (type II).
There were two main patterns of origin of the coronary arteries. One had a tendency to be associated with the oblique (type I) relationship of the great vessels, which was most common; the other had a tendency to be associated with the side-to-side (type II) relationship of the great vessels, which was the second most common type.
A ventricular septal defect was present in 22 (37 per cent) of the 60 cases. The anatomic eharacteristies of these defects were the same as occur in cases of an isolated defect in the ventricular septum. It was of particular interest that a left ventricular-right atrial communication was observed in three cases.
Miscellaneous conditions observed include congenital obstruction of the aortic arch (eight cases), a right aortic arch in association with a ventricular septal defect and pulmonary stenosis (two cases), and juxtaposition of the atrial appendages (two cases).
The atrioventrieular valves resembled the homolateral valves of normal hearts. An Ebstein-like malformation of the mitral valve was present in one case.
